






canstriction and pruwided a positive control ' to prevent fiuulg 
and siphonic action i n  the pipe i f  the flow ever exceeded the design 
discharge. To improve the performance of the service spillw8y 
s t i l l i ng  basin fo r  outlet works'flaws from the 6-footdiameter 
pipe that entered the side of the basin, the straight end of the 
pipe was replaced with a specially shaped piece which curved down,- 
ward and to the le f t .  Flow passing through the "curved piece was 
thus given a swirling motion and produced a hollow-jet flow pattern 
as it entered the service spillway basin. The flow entering the t 
discharge channel from the basin was w e l l  distributed across the 
entire width and produced no unuswl flow o r  scam problems. 
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1NTIU)DUCTION 

Shadehill Dam is  pa^ of the Missouri River Basin Project 
axld is located on the Grand River near Lemwn, South Dakota, at =the 
northern border of the state, Figure 1, The reservoir is used for , 

flood cmtro l  and storage of irrigation water. The dam, Figure 2, 
is a compacted ear thf i l l  structure covered w i t h  a protective layer 
of rock riprap. It's crest  i s  at elevatian 2318, 125 feet  above the 
stream bed. 

The dam contains an emergency spill-, a service or  -humel 
spillway, and an outlet works all located i n  the l e f t  abutment. The 
outlet works, Figure 3, nas originally designed to discharge 285 cfs  
into a s t i l l i ng  basin a t  the upstream end of a canal. me8218 of 
the outlet works modif , Figures 4, 5, and 6, 600 cfs  can be 
discharged from the rks s t i l l i ng  basin into the service 
spillway s t i l l i ng  basin 

The modificat cludes an extension of the original. P 

s i i l l i ng  basin, a wave ssor and a 6-faot-dianoeter pipe that  
discharges outlet works flows into the service spillray s t i l l i ng  
basin. Flow enters the pipe a f te r  passing over a crest  in the # 

transition section located at the dawnstream end of the outlet works 
s t i l l i ng  basin extensian, 
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turbulent flow persisted- through the def lectcar and caukd a boil 
along the training wall a t  the downstream end of basin extension. 
This boil caused unsymetrical flow w e r  the crest  and at the 
entrance to the 6-foot-diameter pipe. Thus, because the flow was 
unsyrrmretrical it had a tendency to zigzag through the pipe. This 
action was not severe, however, rand flow through the pipe was con- 
sidered to be satisfactory. 

A t  the outlet portal of the 6-foot-diameter pipe, the flow I 

plunged into the service spillway s t i l l i ng  basin pool, striking near 
the opposite wall, and causing a large boil alcmg the wall a s  shown 
i n  Figure 11A. The concentrated flow caused cunsiderable erosion in  * 

the mwable sand bed of the discharge channel, Figure llB. A t  the 
downstream corner of the basin the sand bed was emded to the floor 
of the model box which was a t  prototype elevation 2182. Sand from 
the other side of the discharge channel was carried into the basin 
and deposited t o  elevation 2186.5. 

Recomended Design 

The recammended design, shown in Figures 4, 5, and 6, 
resulted from tes t s  made on several intermediate designs in  which 
various arrangements of baffle piers, sills, and other appurtenances 
were evaluated in  t e r n  of hydraulic performance. 

Outlet Works Basin. For the reconsnended basin 1 stream- 
lined chute block, 3 feet  9 inches high by 2 feet  6 inches wide, was 
installed a t  the upstream end of the existing butlet works s t i l l i ng  
basin; and 3 piers 20 inches wide by 7 feet  hiigh, t ied together by 
means of a slab across their  tops, were installed .a t  the upstream 
end of the s t i l l i ng  basin extension, Figure 12. In addition, a 
12-inch overhang was placed on the taps of the basin trajning walls 
t o  contain the high waves within the basjh. 

The chute block and baffle piers were necessary because 
the depth i n  the basin we8 not sufficient t o  develop and hold the 
hydraulic jump i n  the upstream or original portion of the basin. 
The 1 large chute block p m e d  to be more effective than 2 or 3 
smaller ones. The use of 1 block would sixplify protoQqe con- 
struction since adding only 1 chcte block to the existing protoQpe v 

structure was considered t o  be less di f f icul t  than constructing 2 or 
3 smaller ones. The model tes ts  had indicated that  3 equally spaced 
piers 1 f o ~ t  wide by 1.5 feet  high, o r  2 piers 1.5 fee t  wide by 2 fee t  t 

high placed about 15 t o  20 fee t  dawnstream from the snute block would 



w&e suppress&. In t6is- location extensive alterations t o  the 
existing structure would be required. Therefore, itswas decided t o  
place larger baffles farther dovrmvtream a t  the beginning of the new 
construction, F i y r e s  4 and 12. These recommended baf.fle piers 
improved the s t i l l i ng  action of the hydraulic jump and wave suppressor 
-st as much as the smaller piers in  the upstream position. The 
improvement over the preliminary design can be seen by comparing 
Figures 10 and 13. The water surface was smoother and the flow was 
more stable both upstream and downstream from the wave suppressor 
over a wide range of outlet works flows f o r  both values of entrance 
flow velocities. 

It was determined that the poor flow condition a t  the 
entrance t o  the pipe could be alleviated by placing a guide wall 
between the wave suppressor and the pipe entrance, as shown in 
Figure 13. In effect, this w a l l  provided a streamlined approach t o  
the pipe entrance which helped t o  uniformly distribute the flow over 
the crest. A 15-inch-high s i l l  on the basin floor, used i n  place of 
the guide w a l l ,  and located 3 or 4 feet  farther upstream served the 
same purpose but was not quite so effective. However, the improve- 
ment afforded by these means was not deemed necessary, considering 
the added cost,. and the wall or sill were not adopted or recommended 
for  prototype construction. 

The outlet works was found to be capable of discharging 
flows up t o  750 cfs i f  emergency conditions ever made this necessary, 
Figure 14. Flows of 800 cfs spilled over the outlet works basin 
training walls. The basin also performed well in discharging less  
than design flow, Figure 14. For the original outlet works design 
flow of 285 cfs a t  low velocity, the jump formed within the tunnel 
below the control gate, f i l l i ng  the tunnel t o  the crown'at the 
portal. Increasing the velocity to provide a Froude ntmiberof 
about 3.5 caused the jump t o  mve dovastream into the basin. Neither 
flow condition seemed to be objectionable since the tunnel is vented 
upstream a t  the radial control gate. 

Pipe Entrance. A small deflector followed by a 12-inch 
air vent was  installed in the crown of the transsitian section down- 
stream f mm the crest  sectian, Figures 4, 12, and 15. The purpose 
was to provide a positive c a ~ t r o l  t o  prevent f i l l i ng  and siphonic 
action i n  the 6-foot-dkiameter pipe downstream i f  the design flow was 
ever exceeded. For flows up t o  800 cfs, the pipe did  not f i l l ,  
Figure 15. For flow6 of 800 cfs some water spilled over the outlet 
works wall upstream from the wave suppressor. This action would be 
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that the capaciG of the structure had %een exceeded. Pressures were 
recorded a t  piemmeters i n  the crest section and,__entrance portal 
transition section, Figures 12 and 16. No subatmtwspheric pressures 
were detected. 

!the crest  was calibrated, Figure 17, using the staff  gage 
on the right-hand w a l l  downstream from the wave suppressor as the 
head-measuring station, Figure 4. The capacity of the crest  section 
was satisfactory. For the higher discharges the water surface a t  
the gage fluctuated as shown. For 600 cfs the average fluctuatim 
was about 10 inches s;_d sometimes more. 1 

P i ~ e  Exit. To improve the performance of the service 
spillway s t i l l i ng  basin i n  dissipating the energy in autlet.works 
discharges, the straight end of the 6-foot-diameter pipe was replaced 45%- 

w i t h  a curved trajectory piece, Figures 5, 6, and 12. The center , / $  

l ine  of the trajectory curved downward 27' from the center l ine  of 
pipe on about a 45-fpot radius and was rotated clockwise 45* from 
the downward position. The end piece was made f m  5 pieces of 
straight pipe cut and assembled as shown in Figure 5. Flow entering 
the end piece had sufficient velocity t o  spin aver the crown of the 
pipe and form a hollow je t  almst annular i n  shape. Flow emerging 
from the end had a swirling motion which caused the diameter of the 
j e t  to expand, Figure 18. The spinning je t  was readily broken up as 
it entered the tail water and spread laterally across the s t i l l i ng  
basin width. The flow passed through the s t i l l i ng  basin p o l  in  such 
a wqy that a minimum amnnrt of disturbance resulted. Only minor 
erosion of the river bed occurrd, Figure 18, snd since this area is 
protected by riprap in  the p r o t o w  structure, no erosion problem8 
are expected t o  occur. Other degrees of end piece curvature and 
other degrees of ro6 t ion  both to the l e f t  and to:the right wre 
tested., but were not as effective as the recornmended design. 
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Figure 1 0  I 
~e~0-x-t  hyd 453 8 

A. Flow conditioning down- 
s t ream from wave 
suppressor F=3.5 

B. Flow conditions down- 
s t ream from wave 
suppressor F=2.5 

C. Flow conditions in basin D. Flow conditions in basin 
F=3.5 F=2.5  

SHADEHILL DAM 
FRELIMWARY OUTLET WORKS STILLING BASIN - 600 CFS 

1:12.52 Scale model 







Figure 13 
Report hyd 453 

C. Flow conditions in 
basin F=3.5 

D. Flow conditions downst 
from wave suppressor 
(Guide wall not used in 
recommended design) 

SHADEHILL DAM 
RECOMMENDED OUTLET WORKS - 600 CFS 

1 :12.52 Scale model 












